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A cellular radio network, a base station and a method 
for controlling local traffic capacity in the 
cellular radio network 

5 Field of the Invention 

The invention relates generally to a method for 
controlling local traffic capacity in a cellular 
radio network comprising several fixed radio stations 
each having one or more assigned frequency channels 

10 for establishing radio connections with active mobile 
radio stations presently located within a predeter- 
mined radio coverage area thereof , said assigned fre- 
quency channels being different at least in fixed 
radio stations having adjoining radio coverage areas. 

15 The invention also relates to base stations suitable 
for use in such a network. 

Background of the Invention 

In cellular mobile radio networks, the geo- 

20 graphical area covered by the network is divided into 
smaller radio coverage areas, i.e. radio cells, each 
comprising at least one base station. In each cell, a 
certain number of frequency channels are assigned to 
the base station, and the frequency channels, in 

25 turn, may be time-division multiplexed into several 
traffic channels on the TDMA principle. Typically, 
the size and density of the radio cells as well as 
the number of frequency channels assigned to them are 
determined by the traffic capacity requirements in 

30 each particular area. The cellular mobile radio net- 
work may, however, comprise radio cells or larger 
areas in which the traffic capacity requirements may 
increase temporarily to a very high degree, e.g. at 
c rtain hours of the day. If the number of channels 

35 assigned to the radio cell is now determined on the 
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basis of this instantaneous maximum capacity, the 
number of channels will be high, resulting in a 
higher number of radio equipments at the base station 
and therefore higher costs. Such an arrangement does 
5 not either enable efficient utilization of radio fre- 
quencies in the network. On the other hand, if the 
number of channels and the base station equipment are 
not dimensioned on the basis of the peak traffic in a 
service area, the number of rejected calls will be 

10 very high within that service area at peak hours. 

In certain prior art networks, attempts have 
been made to alleviate the capacity problem by in- 
creasing transmitting powers in the network. In GB 
Patent Specification 1562963, the mobile radios are 

15 able to increase the coverage area (transmitting 
power) of their transmissions when adjacent base 
stations are overloaded in order to establish a con- 
nection to less loaded, more remote base stations. US 
Patent Specification 4435840, in turn, teaches a cel- 

20 lular system in which the cell size of an overloaded 
base station is temporarily decreased by reducing its 
transmitting power while correspondingly increasing 
the transmitting power and the cell size of a neigh- 
bouring base station. Changes in transmitting powers 

25 may, however, cause interference elsewhere in the 
network and complicate the design of the network. 

Summary of the Invention 

The object of the present invention is to 
30 provide an arrangement of a new type for alleviating 
the capacity problem. 

To this end, in a method according to the in- 
vention for controlling local traffic capacity in a 
cellular radio network, at least one of the fixed 
35 radio stations is configured to be capabl of tem- 
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porarily establishing a predetermined additional 
radio coverage area in addition to a predetermined 
primary radio coverage area thereof, said additional 
radio coverage area deviating from the predetermined 
5 primary coverage area and covering at least partly a 
radio coverage area of one of the neighbouring fixed 
radio stations; and to direct at least one of the 
assigned frequency channels to said additional radio 
coverage area when the traffic capacity requirement 
10 within the radio coverage area of said one of the 
neighbouring fixed radio stations increases substan- 
tially. 

The basic idea of the invention is that the 
base stations are capable of directing part or all of 

15 their capacity (frequency and/or traffic channels) 
temporarily to the service area of an adjacent radio 
cell in which the traffic capacity requirement has 
Increased temporarily. When using the invention, the 
number of channels of an individual radio cell need 

20 not be dimensioned by the instantaneous maximum 
capacity requirements of the particular cell but the 
dimensioning can be based on the average value of the 
maximum capacity requirements of several adjoining 
radio cells. Thus the traffic capacity of an 

25 individual cell can be increased, if required, by 
directing part of the capacity of the neighbouring 
cells to this cell, thus effectively controlling the 
local network capacity and improving the utilization 
efficiency of the equipments and frequency/traffic 

30 channels of the base stations. The invention also 
improves the utilization of radio channels in the 
entire network. 

The invention also relates to a base station 
r alizing the method, comprising at least one radio 

35 transmitter and radio receiver and an antenna means 
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having a predetermined radio coverage area. The base 
station according to the invention is provided with 
means for switching at least one radio transmitter 
between an additional antenna means and said antenna 
5 means so as to control the local traffic capacity in 
the cellular radio network, said additional antenna 
means having a radio coverage area deviating from 
said predetermined radio coverage area. In this 
embodiment of the invention, the antenna connected to 

10 the transmitter is changed to redirect a portion of 
the capacity of the base station. 

The invention also relates to a base station 
for a digital cellular radio system, comprising at 
least one radio transmitter and radio receiver, an 

15 antenna means having a predetermined radio coverage 
area, and at least one frequency channel assigned to 
the base station, the frequency channel being divided 
into several traffic channel time slots on the TDMA 
principle. In the base station according to the in- 

20 vention, at least one radio transmitter is permanent- 
ly connected or temporarily connectable to an 
additional antenna means in addition to said antenna 
means so that the joined radio coverage area of the 
two antenna means is variable, in order to control 

25 the local traffic capacity of the cellular radio net- 
work, between a first radio coverage area substan- 
tially corresponding to said predetermined radio 
coverage area and a second radio coverage area 
deviating substantially from said predetermined radio 

30 coverage area by adjusting the mutual phase dif- 
ference and/or transmitting power ratio of said two 
antenna means. In this embodiment, the base station 
may divide the capacity of the same frequency channel 
between its own cell and an adjacent radio cell and 

35 adjust the division of th capacity into these cells. 
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The invention further relates to a cellular 
radio network, comprising several base stations each 
having one or more assigned frequency channels for 
establishing radio connections with active mobile 
5 radio stations presently located within a prede- 
termined radio coverage area thereof, said assigned 
frequency channels being different at least in base 
stations having adjoining radio coverage areas, each 
base station comprising at least one radio trans- 

10 mitter and radio receiver and an antenna means having 
said predetermined radio coverage area. In the net- 
work according to the invention, at least one base 
station is provided with means for switching at least 
one radio transmitter between an additional antenna 

15 means and said antenna means in response to the 
traffic load of one of the adjacent base stations, 
said additional antenna means having a radio coverage 
area deviating from said predetermined radio coverage 
area and covering at least partially the radio cover- 

20 age area of said one of the adjacent base stations. 

Brief Description of the Drawings 

In the following the invention will be 
described in greater detail by means of embodiments 
25 with reference to the attached drawings, in which 

Figure 1 is a diagrammatic presentation of a 
portion of a cellular mobile radio network in which 
the method according to the present invention can be 
applied; 

30 Figure 2 is a block diagram of a transmitter 

section of a base station according to the invention; 
and 

Figure 3 is a block diagram of a receiver 
section of a base station according to the invention. 

35 
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The Preferred Embodiments of the Invention 

The method according to the invention can be 
applied both in digital mobile radio systems , such as 
the Pan-European mobile radio system GSM (Groupe 
5 Speciale Mobile), and in analog mobile radio systems, 
such as the Nordic mobile telephone system NMT, for 
controlling the local traffic capacity in the mobile 
radio network* As to the basic idea of the invention, 
the analog and the digital systems are similar, even 

10 though one frequency channel forms a single traffic 
channel in a typical analog mobile radio system 
whereas the traffic capacity of a typical digital 
mobile radio system is greater, because several, 
typically 8, traffic channels are time-division 

15 multiplexed for each frequency channel on the TDMA 
principle, that is, the same frequency channel may 
have as many as 8 simultaneous connections between 
the base station and the mobile radios. The basic 
configuration and basic functions of the GSM and NMT 

20 systems are well-known to one skilled in the art and 
relatively accurately defined in the specifications 
of the two systems. Certain basic concepts and 
elements of the mobile radio system (primarily GSM) 
will be defined below with reference to Figure 1 in 

25 so far as they are relevant to the description of the 
invention- An area within which mobile radio services 
are available is called a mobile radio network which 
may cover several countries. 

The mobile radio network may comprise one or 

30 more service areas, that is, an area within which a 
single mobile services switching center MSC offers 
services. The service area may be divided into one or 
more location areas, that is, an area covered by 
several radio cells. A cell is the smallest geograph- 

35 ical area of the system, comprising one or more fixed 
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radio stations or base stations BTS and using pre- 
determined frequency channels. 

Figure 1 shows by way of example one service or 
location area of a cellular mobile radio network, 
5 within which the present invention can be applied. 
The geographical area covered by the cellular mobile 
radio network is divided into smaller radio areas or 
radio cells CS1, CS2, CS3 and CS4 substantially con- 
tinuously so that adjacent radio areas adjoin or 

10 overlap. Each radio cell CS1 - CS4 comprises at least 
one fixed radio station or base station BTS1 - BTS4, 
respectively, which is capable of establishing a con- 
nection with mobile radios MS presently located or 
moving in the respective radio cell CS1 - CS2 on the 

15 assigned frequency channels, that is, at transmitting 
and receiving frequency pairs (duplex spacing e.g. 45 
MHz). Typically, at least neighbouring radio cells 
have mutually different assigned frequency channels. 
Each base station BTS further has signalling and 

20 traffic channel links with the mobile services 
switching center MSC, which controls the operation of 
one or more base stations located in its service 
area. In the case shown in Figure 1, it is assumed 
' for the sake of simplicity that all base stations 

25 BTS1 - BTS4 are connected to the same mobile services 
switching center MSC. 

Figures 2 and 3 illustrate the configuration of 
a base station according to the invention. Each base 
station BTS1 - BTS4 within the cellular mobile radio 

30 network typically comprises at least one radio trans- 
mitter and radio receiver, in the illustrated case 
two radio transmitters 21 and 22 and two radio re- 
ceivers 33 and 34, which are all connected to a main 
antenna unit ANT1. The size and shape of the radio 

35 coverage area of the main antenna unit ANT1 determine 
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the size and shape of the radio cell CS1 - CS4 of 
each base station BTS1 - BTS4. The main antenna unit 
ANT1 may comprise separate antennas for transmission 
and reception. 

5 In the transmitter section of the base station 

the radio transmitter 21 is connected directly to a 
combiner 24. The other radio transmitter 22 is con- 
nected to a controllable change-over switch 23 which 
connects the radio transmitter 22 to the combiner 24 

10 in its one switching position and to an additional 
antenna unit ANT2 in its other switching position. 
The combiner 24 combines the radio-frequency trans- 
mitting signals of the radio transmitters 21 and 22 
and applies the combined signal to the main antenna 

15 unit ANT1. For the normal operation of the base 
station, the radio transmitter 22 is connected to the 
main antenna unit ANT1 through the change-over switch 
23 and the combiner 24, so that all the frequency 
channels of the base station are within the radio 

20 coverage area of the main antenna unit ANT1, that is, 
available to mobile radios located in the radio cell 
of the base station. 

In the receiver section of the base station, 
the main antenna unit ANT1 and the additional antenna 

25 unit ANT2 are connected through a combiner 31 to a 
distribution amplifier unit 32 which distributes the 
sum signal of the antenna units to all radio 
receivers 33 and 34. In the preferred embodiment of 
the invention, all of the radio receivers are thus 

30 connected permanently to both antenna units ANT1 and 
ANT2. 

As mentioned above, each base station BTS uses 
only the main antenna unit ANT1 and communicates only 
with mobile radios located within its radio coverage 
35 area during normal operation. However, the traffic in 
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the radio cell CS1, for instance, may increase tem- 
porarily so that it is greater than what the base 
station BTS4 of the cell can handle, while some or 
all of the neighbouring cells CS1 - CS2 have excess 
5 traffic capacity. In such a case at least one of the 
base stations BTS1 - BTS3 of the neighbouring cells 
CS1 - CS3 directs part of its assigned frequency 
channels to another radio coverage area 1, 2 or 3 
deviating from the radio coverage area CS1, CS2 or 

10 CS3 of the main antenna unit ANT1 and at least partly 
covering the normal radio coverage area CS4 of the 
overloaded base station BTS4. As a consequence, the 
mobile radios MS in the radio cell CS4 may temporar- 
ily establish a connection through the neighbouring 

15 base station of at least one neighbouring cell. In 
this way the mobile radio network is able to effect- 
ively adjust its capacity and direct excess capacity 
to overloaded radio cells. 

The above-mentioned alternative radio coverage 

20 area 1, 2 or 3 is accomplished by means of the addi- 
tional antenna unit ANT2 positioned in the base 
station BTS. When part of the frequency channels of 
the base station are to be directed temporarily to 
the area of the neighbouring base station, the 

25 change-over switch 23 disconnects the radio trans- 
mitter 22 from the main antenna unit ANT1 and con- 
nects it to the additional antenna unit ANT2. 

In an alternative embodiment of the invention, 
all the transmitters of the base station can be con- 

30 nected to the additional antenna unit ANT2. This is 
necessary especially in base stations comprising a 
single transmitter. 

In the preferred embodiment of the invention, 
the change-over switch 23 is controll d by a control 

35 signal SC obtained from the mobile services switching 
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center MSC. For the control of the change-over 
switch, the mobile services switching center MSC may 
comprise means for measuring and/or predicting the 
•traffic load of a certain neighbouring base station 
5 and for causing the change-over switch 23 to connect 
the radio transmitter 22 to the additional antenna 
unit ANT2, when the measured or predicted traffic 
load of the neighbouring base station exceeds a pre- 
determined level. 

10 In another embodiment of the invention, suit- 

able for use e.g. in TDMA systems, at least one radio 
transmitter may be temporarily connectable or per- 
manently connected simultaneously to both the main 
antenna unit ANT1 and the additional antenna unit 

15 ANT2. The power of the transmitter is thereby divided 
between the two antenna units and the frequency chan- 
nel of the transmitter can be used simultaneously by 
the radio cell of the base station and an adjacent 
cell. The relative size of the coverage areas of the 

20 antenna units can be varied by adjusting the ratio of 
the transmitting powers supplied from the transmitter 
to the antenna units. The main antenna unit ANT1 and 
the additional antenna unit ANT2 may also be phased 
with respect to each other in a predetermined manner 

25 so that they form a phase-controlled antenna in which 
the shape of the joined radio coverage area of the 
antenna units can be varied between a first coverage 
area corresponding to the radio cell and a second 
coverage area deviating substantially from it and 

30 covering at least partly the adjacent radio cell by 
adjusting the phase difference between the signals 
applied to the antenna units. The antenna units ANT1 
and ANT2 may thereby be different radiating elements 
of the same antenna. In these embodiments, the local 

35 capacity of the radio n twork can be controlled by 
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adjusting the power and/or phase difference con- 
tinuously or in a stepwise manner. These embodiments 
can be realized easily in the base station shown in 
Figures 2 and 3 by providing the change-over switch 
5 23 with or by replacing it with suitable signal dis- 
tribution, power control and/or phase adjustment 
means. The phase and/or power control can also be 
controlled by the signal SC from the mobile services 
switching center. 
10 The figures and the description related to them 

are only intended to illustrate the present inven- 
tion. In their details, the method, base stations and 
radio network according to the invention may vary 
within the scope of the attached claims. 
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Claims : 

1. A method for controlling local traffic capa- 
city in a cellular radio network comprising several 

5 fixed radio stations (BTS1 - BTS4) each having one or 
more assigned frequency channels for establishing 
radio connections with active mobile radio stations 
(MS) presently located within a predetermined radio 
coverage area (CS1 - CS4) thereof , said assigned fre- 

10 quency channels being different at least in fixed 
radio stations having adjoining radio coverage areas, 
characterized in that at least one of 
the fixed radio stations (BTS1 - BTS3) is configured 
to be capable of temporarily establishing a pre- 

15 determined additional radio coverage area (1-3) in 
addition to the predetermined primary radio coverage 
area (CS1 - CS3) thereof, said additional radio 
coverage area deviating from the predetermined 
primary coverage area and covering at least partly a 

20 radio coverage area (CS4) of one of the neighbouring 
fixed radio stations (BTS4); and to direct at least 
one of the assigned frequency channels to said addi- 
tional radio coverage area when the traffic capacity 
requirement within the radio coverage area of said 

25 one of the neighbouring fixed radio stations in- 
creases substantially. 

2. A base station for a cellular radio system, 
the base station (BTS1 - BTS3) comprising at least 
one radio transmitter (21, 22) and radio receiver 

30 (33, 34) and an antenna means (ANT1) having a pre- 
determined radio coverage area (CS1 - CS3), char- 
acterized in that the base station is 
provided with means for switching at least one radio 
transmitter (22) between an additional antenna means 

35 (ANT2) and said antenna means (ANT1) so as to control 
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the local traffic capacity in the cellular radio net- 
work, said additional antenna means (ANT2) having a 
radio coverage area (1 - 3) deviating from said pre- 
determined radio coverage area (CS1 - CS3). 
5 3. A base station according to claim 2, 

characterized in that the base station 
comprises a controllable change-over switching means 
(23) by means of which at least one radio transmitter 
(22) is correctable alternatively to said antenna 
10 means (ANT1) or the additional antenna means (ANT2). 

4, A base station for a digital cellular radio 
system, the base station (BTS1 - BTS3) comprising at 
least one radio transmitter (21, 22) and radio re- 
ceiver (33, 34), an antenna means (ANT1) having a 

15 predetermined radio coverage area (CS1 - CS3), and at 
least one frequency channel assigned to the base 
station, characterized in that at least 
one radio transmitter (22) is permanently connected 
or temporarily connectable to an additional antenna 

20 means (ANT2) in addition to said antenna means (ANT1) 
so that the joined radio coverage area of the two 
antenna means is variable, in order to control the 
local traffic capacity of the cellular radio network, 
between a first radio coverage area substantially 

25 corresponding to said predetermined radio coverage 
area (CS1 - CS3) and a radio coverage area (1 - 3) 
deviating substantially from said predetermined radio 
coverage area by adjusting the mutual phase dif- 
ference and/or transmitting power ratio of said two 

30 antenna means. 

5. A base station according to claim 4, 
characterized in that the antenna means 
(ANT1) and the additional antenna means (ANT2) are 
different radiating elements of the same antenna. 

35 
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6. A base station according to any of the 
claims 2 to 5, characterized in that all 
the radio transmitters (33, 34) are connected to both 
said antenna means (ANT1) and the additional antenna 

5 means (ANT2). 

7. A cellular radio network comprising several 
base stations (BTS1 - BTS4) each having one or more 
assigned frequency channels for establishing radio 
connections with active mobile radio stations (MS) 

10 presently located within a predetermined radio 
coverage area (CS1 - CS4) thereof, said assigned fre- 
quency channels being different at least in base sta- 
tions having adjoining radio coverage areas, each 
base station comprising at least one radio trans- 

15 mitter (21, 22) and radio receiver (33, 34) and an 
antenna means (ANT1) having said predetermined radio 
coverage area (CS1 - CS4), characterized 
in that at least one base station is provided with 
means for switching at least one radio transmitter 

20 (22) between an additional antenna means ( ANT2) and 
said antenna means (ANT1 ) in response to the traffic 
load of one of the adjacent base stations (BTS4), 
said additional antenna means (ANT2) having a radio 
coverage area (1 - 3) deviating from said pre- 

25 determined radio coverage area (CS1 - CS3) and cover- 
ing at least partially the radio coverage area (CS4) 
of said one of the adjacent base stations (BTS4). 

8. A cellular radio network according to claim 
7, characterized in that the base 

30 station comprises a controllable change-over switch- 
ing means (23) for connecting at least one radio 
transmitter (22) alternatively to said antenna means 
(ANT1) or to the additional antenna means (ANT2). 

9. A cellular radio network according to claim 
35 8, characterized in that the change-over 
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switching means (23) is controlled from a mobile 
services switching center (MSC) associated with the 
base station, and that the mobile services switching 
center (MSC) comprises means for measuring and/or 
5 predicting the traffic load of at least said one of 
the adjacent base stations (BTS4) and for causing the 
change-over switching means (23) to connect at least 
one radio transmitter (22) to the additional antenna 
means (ANT2) when the measured or predicted traffic 
10 load of said one of the adjacent base stations (BTS4) 
exceeds a predetermined level* 
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